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© Optical fiber link card. 

© An optical fiber fink card communication module, 
and process for fabricating the module, where the 
module provides a parallel electrical interface to the 
user, facilitates high speed serial transmission of 
data over an optical data link, and contains a plural- 
ity of converters (130.131) for performing conver- 
sions between both electrical and optical signals. 
The module further includes edge mounted optical 
components having leads mounted on the surface of 
a card (as opposed to standard pin-in-hole type 
leads) to minimize lead capacitance and Inductance 
from the optical components to the card electronics, 
on board card control means for the converters and 
safety shut down means on the same card as the 
electrical and optical components. A preferred em- 
bodiment of the Invention contemplates fabricating 
the optical communication module on a single mul- 
tilayer card with all the transmitter lectrtcaJ compo- 
nents being located on one side of th card, all 



receiver electrical components being located on the 
other side of the card, and the transmitter and re- 
ceiver components being separated by shielding lay- 
ers in the card. By using two transmitter/receiver 
pairs (with the transmitters and receivers being lo- 
cated on respective sides of the card) an embodi- 
ment of the Invention provides for double full duplex 
communications. 
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OPTICAL FIBER UNK CARD 



The invention relates generally to methods and 
apparatus for converting electrical signals to and 
from optical signals. More particularly, the invention 
relates to an optical fiber (ink card which serves as 
part of a communication module (not necessarily 
an enclosed or encapsulated device) for converting 
between parallel electrical signals and serial optical 
signals, and to a process for fabricating the mod- 
ule. 

Many types of electro-optical converters and 
connectors are described in issued patents and the 
technical literature. Commercially available devices 
are also presently available for performing these 
functions. 

Bcamples of patents which describe electro- 
optical converters and connectors include U.S.A. 
No. 4545.077, to Drapala et ai. which teaches an 
electrical multiplex data bus operatively connected 
to an optical multiplex data bus by means of an 
electro-optical converter, and U.SA. No. 4597.631, 
to Flores et al, which teaches a passive electro- 
optical connector. 

The Drapala et al invention is an example of a 
serial electrical to serial optical converter. Drapala 
et al operates as a tri-state repeater to effectively 
extend a three state data bus. The Flores Invention 
is one of many connector devices that although 
not dealing with electro-optical conversion per $e, 
provides user access to transmitter/receiver assem- 
blies via connectorized ports. The Flores device is 
an example of means for Interconnecting both op- 
tical and electrical components in a hybrid system. 

Commercially available connectorized electro- 
optical converters for performing serial optical to 
serial electrical (and vice versa) conversion, are 
available from Siemens and other companies. 
These devices, which are compatible with FDDI 
standards, IBM equipment, etc., are capable of 
achieving approximately 200 Mbits/sec. data rates. 

Another example of a commercially available 
serial to serial converter Is the AT&T ODL-200. 
This device is also capable of achieving approxi- 
mately 200 Mbits/sec data rates- The AT&T ODL- 
200 is described in an article entitled "Transmitter 
and Receiver Integrated Circuits for a 200 
Mbits/sec. Optical Data Link", published in the pro- 
ceedings of the IEEE 1986 Custom Integrated Cir- 
cuits Conference. 

The aforementioned commercially available de- 
vices utilize a single optical transmitter coupled 
through a fiber to a single receiver. Both the Sie- 
mens and AT&T devices allow full duplex commu- 
nication with serial Input/output The receivers and 
transmitters used are hybrid ceramic substrates In 
dual inline packages. These packages are either 



hermetically sealed or plastic encapsulated. 

Transceiver packages are also commercially 
available. For example, Mitsubishi Electric has 
made available transceiver packages having tine bit 

s rates of approximately 170 Mbtts/seo. using a laser 
diode driver and optical receiver which are in- 
tegrated onto a single side of a card. Similar to the 
aforementioned Siemens and AT&T 
transmitter/receiver modules, the Mitsubishi tran- 

jo sceivers process input and output serially. 

By placing the laser transmitter and receiver on 
the same side of a card, the Mitsubishi device 
requires means for electrically isolating these com- 
ponents. Typically metal shielding is used. Provid- 

is ing this isolation has heretofore limited the ability to 
manufacture a compact card onto which a plurality 
of transmitter and receiver pairs could be mounted. 

The demand for improved electro-optical con- 
verters and connectors is rapidly increasing as 

20 fiber optic technologies are adapted to provide 
solutions to performance and packaging problems 
associated with present day computer interconnect 
applications. More particularly, I/O pin limitations 
caused by use of wide parallel data busses, perfor- 
ms mance limitations on the length of electrical bus- 
ses, and electromagnetic interference problems, 
suggest that serial optical communications be used 
to convey data at high speed between the parallel 
electrical busses to which computer components 

30 are often interconnected. The high data rates re- 
quired to service wide parallel data busses, the 
packaging fiexfoility of connectorized optical 
transmitter/receiver assemblies, and the necessity 
for user access to these connectorized ports, has 

35 led to the design of small feature cards to intercon- 
nect computer elements. 

One such card is included in the commercially 
available PCO-2001 Series Parallel Lightwave Inter- 
face Module. This module performs parallel eleo 

40 tricai signal to serial optical conversion {and vice 
versa) and features serial signal rates of up to 
approximately 100 Mbits/sec. A longwave LED is 
used for an optical source. Specialized transmitter 
and receiver ICs are incorporated onto one side of 

45 a card and provide full duplex operation. 

The PCO-2001 card allows next level applica- 
tions packages to Interface with a high speed serial 
fiber optic link without adding to the design com- 
plexity of the next level packaging or performance 

so requirements. However, the PCO-2001 card is 
problematic because of the electrical signal power 
needed for a LED source to drive data in the 200 
Mbits/sec range (twice that of the published data 
rate for the PCO-2001 device); the size of the 
PCO-2001 card (attributable In part to providing the 
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isolation required for th transmitter and receiver 
components mounted on the same side of the 
card); and the inability to use a single, compact 
card to provide at least double full duplex opera- 
tion. 

Accordingly, it would be desirable if an optical 
fiber link card could be provided that supports a 
parallel user interface, such as a parallel data bus; 
performs parallel to serial conversion (and vice 
versa) for servicing a high speed serial optical link, 
where the optical transmitter on the card Is capable 
of driving data in excess of 200 Mbits/sec. without 
requiring the electrical signal power needed for an 
LED source; and can support at least double full 
duplex connections in less space then Is presently 
required to support single full duplex connections. 

Furthermore, it would be desirable if the ar- 
rangement of the transmitter and receiver devices 
on such a card, together with the card itself, pro- 
vided means to isolate transmitter and receiver 
electrical components without requiring excessive 
shielding or the amount of device separation re- 
quired by the prior art. 

Still further, it would be desirable if advantage 
could be taken of both sides of an optical data link 
card to increase the surface onto which compo- 
nents could be mounted to reduce card size. Fur- 
ther yet it would be desirable to mount the optical 
components (and leads to these components) on 
the card in such a way as to facilitateeasy access 
by a user and minimize lead capacitance and in- 
ductance to thereby further Improve card perfor- 
mance. 

To achieve the desired communication module 
many architecture, electrical and packaging prob- 
lems need to be solved. For example, laser trans- 
mitters would be capable of achieving the desired 
data rates without requiring the electrical signal 
power required by LCDs; however, laser based 
systems must meet stringent safety requirements. 

From a safety point of view, it would be desir- 
able if a laser based optical fiber link card could be 
developed that is "foil safe". I.e., is certifiably safe 
at other than a total system level (where the sys- 
tem usually includes both hardware and software). 
The ability to produce a self-contained 
transmitter/receiver function In a certifiable pack- 
age, completely independent of user system inter- 
face hardware and software, would ease restrictions 
on system level usage of a laser based card. 

Many countries require certification of the 
"product" with respect to laser light emissions. 
Prior art laser based optical link subassemblies 
have a dependency on the "box" they are in to 
maintain compliance. If all the laser safety circuitry 
were on board the optical fiber link card, then the 
card would become the "product" that n eds to be 
certified; not all th different models of boxes that it 



is used in. This would simplify the safety certifica- 
tion process for the user. More particularly, it would 
be desirable if an optical fiber link card could be 
devised that maintains known worldwide standards 
s for class 1 operation under a single component 
failure. 

In addition to all of the above, it would be 
desirable if an optical fiber link card communication 
module containing the features described herein- 
10 before also (1) provides a byte sync signal to the 
user, since many optical link subassemblies deliver 
fragmented parallel data; (2) provides a fault line to 
the user to aid in determining which end of an 
optical link suffers a fall ure; (3) provides an elec- 
ts trlcal wrap capability for diag nostic purposes; (4) 
requires only a single +5 volt supply which would 
make the card compatible with single voltage logic 
families; (5) maintains good thermal Isolation be- 
tween the electronics and the laser; (6) provides a 
20 package adaptable to multiple next level pack- 
aging; (7) uses standard surface mount assembly 
techniques instead of the expensive ceramic hybrid 
hermetic packaged subassem blies (particularly for 
the optical drivers and receivers) used by the prior 
25 art to achieve high data rates; and (8) is compact 
l.e., small in size and height compared to known 
systems. 

it is an object of the invention to provide a high 
speed optical fiber link card communication module 

so that is capable of transmitting (or receiving) ap- 
proximately 200 Mbits/sec. data serially over fiber 
optic media and which provides a parallel electrical 
interface to the user. 

It is a further object of the Invention to contain 

35 the high frequency signals coming off of (or going 
onto) the serial link, and seriafizer/deserializer func- 
tions, to the link card itself. 

It is still a further object of the Invention to 
provide an optical fiber link card communications 

40 module that can provide at least a double full 
duplex, where the card is compact and maintains a 
small form factor (for high density packaging) as 
compared with prior art devices, while maintaining 
a low height profile to the next level package to 

45 which it attaches. 

Further still, it Is an object of the invention to 
provide an optical fiber link card communication 
module that utilizes laser transmitters and provides 
self contained laser safety features so as to be 

50 certifiably safe. Independent of user Interface hard- 
ware or software. 

in particular, it is an object of the invention to 
provide safe, class 1. laser operating conditions 
under single fault conditions, and to provide means 
55 which facilitate the detection of laser failures and 
provide an Indication of such failures to the user to 
aid In fault diagnosis. 

Other objects of the invention include providing 
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a module that outputs a byte synchronization signal 
to the user and non-fragmented parall I data; and 
providing a module that maintains good thermal 
isolation between the electronics and optical de- 
vices (in particular lasers) utilized. 

According to the invention, a double sided sur- 
face mount optical fiber (ink card is used as part of 
a communication module that provides a parallel 
electrical interface to the user and 
transmits/receives high speed serial data over an 
optical data link. The card Includes means for inter- 
facing with at least one n-bit wide parallel electrical 
data bus; means for interfacing with at least one 
high speed optical data (ink; and a plurality of 
converters for performing conversion between both 
electrical and optical signals. At least one of these 
converters includes seriaflzer means for serializing 
parallel data input for transmission, and modulating 
the serialized transmit data onto a semiconductor 
laser mounted on the card. At least one other 
converter includes an optical receiver (e.g., a PIN 
photodiode), amplifier and deserializer means, for 
respectively receiving, amplifying and recovering 
the clock to drive n-bit wide receive data onto a 
parallel bus. 

According to one embodiment of the invention 
the optical components are edge mounted and 
have their leads mounted on the surface of the 
card (as opposed to standard pin-in-hoie type 
leads) to minimize lead capacitance and induc- 
tance. Additionally, control means for the convert- 
ers, and safety shut down means, are located on 
the same card as the electrical and optical compo- 
nents. 

A preferred embodiment of the invention con- 
templates including in the optical communication 
module a single multilayer card with all the trans- 
mitter electrical components being located on one 
side of the card, alt receiver electrical components 
being located on the other side of the card, with 
the transmitter and receiver components being 
electrically Isolated from each other and separated 
by shielding layers in the card. By using at least 
two transmitter/receiver pairs (with the transmitters 
and receivers being located on respective sides of 
the card) the invention can provide for at least 
double full duplex communications. 

A process for fabricating the desired module is 
also described hereinafter. The process specifies 
the steps for fabricating the card itself, together 
with where and how to mount and assemble the 
various components of the module (the card, re- 
tainer means, optical receptacles, etc.) to achieve 
the objectives of the Invention. 

The invention features the aforementioned dou- 
ble sided card design Qjb., with transmitters) on 
one side and the receivers) on the oth r side of 
the card), and features the use of Internal ground 



and power planes (located within the card itself) to 
maintain electrical Isolation between the two sides 
of the card. The invention also features Integration 
of the serializer with the laser driver to contribute to 

s reducing the size of the card. 

Further features of the invention, according to a 
preferred embodiment include an electrical wrap 
capability for diagnostic purposes, the requirement 
of only a single +5 volt power supply, and surface 

70 edge mounting of the optical components and their 
leads. 

These and other objects and features of the 
present Invention, and the manner of obtaining 
them, will become apparent to those skilled In the 
75 art, and the invention itself will be best understood 
by reference to the following detailed description 
read in conjunction with the accompanying Draw- 
ing. 

FIG. 1 depicts an exploded view of the optical 
20 Gnk card communication module (both card and 
retainer) contemplated by the Invention. 

FIG. 2 depicts an enlarged view of an edge 
mounted optical assembly with leads brought in 
close to the plane of the circuit card In accordance 
26 with a preferred embodiment of the invention. 

FIG. 3 depicts an enlarged view of a suitable 
standoff spacer for controlling card-to-card spacing 
for the modules fabricated in accordance with the 
teachings of the Invention, together with a "J" clip 
30 extending from the spacer which operates as a 
flexible retention mechanism for affixing the novel 
modules to next level assemblies. 

RG. 4 Is a functional block diagram of the 
invention, depicting the interconnection of various 
35 electrical and optical components on the card and 
how these components cooperate with one another. 

RG. 5 depicts an example of a power and 
ground plane structure for a double sided card that 
is fabricated In accordance with the teachings of 
40 the invention. 

RG. 6 depicts a preferred layout for the optical 
link card contemplated by the invention. 

RG. 1 depicts an exploded view of the optical 
link card communication module contemplated by 
45 the Invention. 

In particular, RG. 1 depicts a double sided 
surface mount card, 101, that mounts to a user's 
system card. Data is transferred to and from the 
system card on n-btt wide parallel data busses. 
60 For the sake of illustration only, the card de- 

picted in RG. 1 is designed to service 10 bit wide 
parallel data busses, i-e., n is set equal to 10. 
Those skilled in the art will readily appreciate that 
the components depicted in RG. 1 could be modi- 
66 fled to accommodate larger or smaller parallel bus- 
ses. 

The depicted card Includes means for interfac- 
ing with the parallel data busses (connectors 102 
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and 103); means for interfacing with serial fiber 
optic transmission media (optical assemblies 104- 
107, further including receptacles 110 and 111 for 
lasers 120 and 121 respectively located within the 
receptacles; and receptacles 112 and 113 for 
photodetector diodes 122 and 123 respectively lo- 
cated within the receptacles); and a plurality of 
converters for performing conversion between both 
electrical and optical signals. 

For the sake of illustration only, receptacles 
110-113 are shown In FIG. 1 as an FC type optical 
fiber connector. Those skilled in the art will readily 
appreciatethat the components depicted in FIG. 1 
could include other types of fiber connectors. 

These converters are described In detail 
hereinafter with reference to FIG. 4. However, with 
reference to FIG. 1, portions of two converters of a 
first type (for converting from electrical to optical 
signals) can be seen mounted on top of circuit card 
101. In particular, serializer means 130 and 131, 
are modules which take parallel electrical data In- 
put (via connectors 102 and 103 respectively) for 
transmission, and convert the parallel electrical 
data to serial electrical data. Serializer means 130 
and 131 then use the serialized data to drive lasers 
120 and 121 respectively. According to one em- 
bodiment of the Invention, serializer means 130 
and 131 also each perform laser safety functions 
which will be described in detail hereinafter. 

According to the preferred embodiment of the 
invention, the serializer and laser drive functions 
are integrated in serializer means 130 and 131 in 
order to help reduce the overall size of the novel 
card. The integrated functions of the serializer 
means will also be described In greater detail 
hereinafter with reference to FIG. 4. 

Not shown in RG. 1 (because they are moun- 
ted to the underside of card 101) are converters of 
a second type. These function to convert optical 
signals to electrical signals. The depicted Illustra- 
tive card would have two such converters, each of 
which Include means for amplifying the electrical 
signal generated by the photodetectors; means for 
detecting minimum DC light levels entering each of 
the photodetectors; and deserializer means for con- 
verting received serial data to parallel data. The 
deserializer further Includes means for recovering 
the clock, means for generating a byte synchro- 
nization signal for output to the user, and means for 
detecting minimum AC light levels. 

A detailed description of the deserializer com- 
ponents and how they cooperate will be set forth 
hereinafter with reference to RG. 4 as well. 

FIG. 1 goes on to show two open fiber control 
(OFC) means, 150 and 151. OFC means 150 turns 
off laser 120 If no light Is received by the 
photodetector diode 122. OFC means 151 turns off 
laser 121 if n light is received by photodetector 



diode 123. 

According to the preferred embodiment of the 
invention, OFC means 150 and 151 maintain a safe 
(class 1) optical power level in the event a fiber link 

s Is opened. 

A suitable OFC module for use in conjunction 
with the invention is described in the European 
patent application n° 90480199.0 (Inventors : G.M. 
Helling, DA Knodel, M.J. Peterson ; and al), en- 

w titled "optical fiber link control safety system" and 
filed concurrently with the present invention. 

Although the OFC module described in the 
reference is used In the preferred embodiment of 
the Invention, other safety means (or indeed no 

15 safety means at all) may be used by those skilled 
in the art in place of the referenced OFC module 
without departing from the scope or spirit of the 
invention being described herein. 

RG. 1 also depicts laser drive adjustment po- 

20 tentlometers 170 and 171. These potentiometers 
may be used to adjust the AC and DC laser drive 
circuitry. The depicted potentiometers (170 and 
171) are associated with laser 121 of RG. 1. Not 
shown are corresponding potentiometers for each 

25 of the AC and DC drive portions of the laser drive 
circuitry associated with laser 120. 

Also not shown (located on the underside of 
card 101) are metal shields for each of the afore- 
mentioned amplifiers. According to a preferred em- 

30 bodiment of the invention these shields serve to 
protect the amplifiers against stray electromagnetic 
fields. 

In addition to the above described card, optical 
assemblies and electronics, RG. 1 depicts retainer 
35 top 180 and retainer bottom 181, which include 
retainer retention clips (like clip 182), optical as- 
sembly slots (like slot 183), card alignment pins 
(like pin 184), card guide rail 185 and card hold 
down tabs (like tab 186), which when assembled in 
40 the manner indicated by FIG. 1 result in an em- 
bodiment of the optical fiber fink card communica- 
tion module contemplated by the invention. 

According to the preferred embodiment of the 
Invention,, retainer top 180 and retainer bottom 181 
45 are plastic and contribute to the ability of the novel 
module to provide good thermal isolation between 
the electronics and the lasers. This Is an important 
feature of the invention since the electronics typi- 
cally have a higher acceptable operating tempera- 
50 ture then the lasers, which dissipate little power. In 
prior art hybrid type metal enclosed transmitters, 
the heat from the electronics can degrade the 
reliability and operation of the transmitters. 

Furthermore, according to the preferred ern- 
es bodiment of the .invention, the two piece 
retainer/holder described hereinabove (parts 180 
and 181 as shown in RG. 1) when assembled form 
a cradle to align and hold the optical assemblies at 



5 



9 



EP0 437 161 A2 



10 



the edge of the card in an appropriate plane to 
permit surface attachment of the leads to th mat- 
ing circuitry. As indicated hereinbefore, taking ad- 
vantage of this feature minimizes lead capacitance 
and inductance. 

FIG. 2 depicts an enlarged view of an edge 
mounted optical assembly with leads brought in 
close to the plane of the circuit card, as con- 
templated by the aforementioned preferred em- 
bodiment of the invention. In particular, FIG. 2 
depicts leads 201-203 as being surface mounted 
(rather then using a pin-ln-hole attachment) to card 
101. Optical assembly 205 is shown mounted on 
the edge of card 101. 

Referring again to FIG. 1, it can be seen that a 
"J" clip, clip 192, is depicted as a molded part of 
retainer bottom 181, extending from standoff spac- 
er 193. The combination of clip 192 and spacer 
193 may be used to attach, hold, align and space 
card/retainer assemblies to next level assemblies. 

FIG. 3 depicts an enlarged view of a preferred 
arrangement for standoff spacer 193 (with the 
spacing from the surface of card 101 to the next 
assembly being indicated by arrow 301), and "J" 
clip 192. Clip 192 is shown extending off of spacer 
193. Operan'vety, clip 192 snaps into a mating hole 
In the main controller or Interface card to which it 
plugs. As a molded plastic part this clip has the 
flexibility to allow the nondestructive removal of the 
novel communication module when and if replace- 
ment is needed or desired. 

Reference is now made to FIG. 4 which depicts 
a functional block diagram of the electrical and 
optical components on card 101. 

In particular, FIG. 4 shows the combination of 
serializer means 430 and laser diode 431 which 
effectively converts parallel electrical signals to 
serial optical signals. The parallel signals are Input 
from a parallel bus via, for example, an electrical 
connector such as connector 102 depicted in FIG. 
1. The serial optical signals are output from laser 
431 for transmission over fiber optic media, such 
as fiber 495 depicted In FIG. 4. Well known cou- 
pling lenses may be used within the laser recepta- 
cles depicted in FIG. 1 (such as receptacles 110 
and 111) to direct the laser light into the fiber. 

The details of how seriaDzer 430 operates in 
conjunction with laser 431 will be set forth 
hereinafter with reference to the components 
(depicted in FIG. 4) shown to be included within 
serializer means 430. These details will be set forth 
In the context of an example wherein 10 bits of 
parallel electrical data are Input to serializer 430, 
are converted to serial electrical format and output 
as serial optical data via laser 431 under the con- 
trol of serializer 430. 

FIG. 4 also depicts the combination of 
photodetector diode 425, OC detector 426, am- 



plifier 427 and deserializer means 428, which effec- 
tively convert serial optical signals, received by 
photodetector 425, to parallel electrical signals. The 
parallel signals are driven by deserializer 428 onto 

5 a parallel electrical bus. An explanation of how 
serially received optical data signals are converted 
to parallel electrical data will also be set forth 
hereinafter with reference to the components de- 
picted in FIG. 4. 

to Furthermore, FIG. 4 depicts OFC module 429, 

which, as indicated hereinbefore, preferably pro- 
vides class 1 laser safety features on board the 
card Itself. Reference is again made to the incor- 
porated copending patent application which sets 

is forth in detail how OFC module 429 operates in the 
context of the system depicted in RG. 4. 

To understand how the combination of 
serializer 430 and laser 431 operates, it is conve- 
nient to start at the point in RG. 4 where the 10 bit 

20 parallel transmit data is input from a parallel elec- 
trical data bus to shift register 440. This takes 
place via depicted leads 470-479. As indicated 
hereinbefore these leads could, for example, cor- 
respond to user selected pins on an electrical 

25 connector, such as connector 102 depicted in RG. 
1. 

The ten bit parallel transmit data entering shift 
register 440 Is serially clocked out of shift register 
440 under control of phase locked loop (PLL) 441. 

30 The PLL clock is phase locked to the lower fre- 
quency (off card) input transmit clock via link 405. 
The clock output on link 406 determines the serial 
transmit rate. 

The serial data shifted out of shift register 440 

35 is carried to AC drive 442 via fink 407. AC drive 
442 modulates laser 431 with the serialized data. 

RG. 4 also shows a DC drive, 443, contained 
In serializer 430. DC drive 443 keeps laser 431 at a 
preset power level. Additionally, DC drive 443, ac- 

40 cording to a preferred embodiment of the invention, 
contains safety circuits that can shut down laser 
431 if an on card fault occurs that could produce 
an unsafe power level. 

RG. 4 depicts DC drive 443 as being coupled 

45 to laser 431 via link 408. Additionally, DC drive 443 
is shown receiving an Input from open fiber control 
(OFC) means 429 which, as will be explained 
hereinafter, can effectively force DC drive 443 (via 
Onk 409) to shut laser 431 off. 

so According to a preferred embodiment of the 

invention, DC drive 443 will issue a laser fault 
signal to the user via link 410, whenever a laser 
fault (6.Q., an OFC ordered shut down) occurs. 
Finally, with respect to DC drive 443, RG. 4 

65 shows (via dotted link 499) a feedback path from 
laser 431 to DC drive 443. A conventional auto- 
matic power control feedback circuit (not shown) 
senses fight from the back facet of laser 431. 
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According to th illustrative embodiment f the 
inv ntion, optical output power is maintained at a 
constant level via DC drive 443 in response to the 
feedback signal. As indicated hereinbefore on of 
the adjustment potentiometers depicted in FIG. 1 
Indirectly controls DC drive 443. It is via the afore- 
mentioned feedback circuit that this control is ef- 
fected. 

Apparatus and techniques for performing the 
functions of the components shown Included In 
serializer 430, namely shift register 440, PLL 441. 
AC drive 442 and DC drive 443. are well within the 
purview of those skilled in the art. Accordingly, 
these components do not require further explana- 
tion. 

The above described serializer 430, comprising 
the combination of devices 440-443, effectively in- 
tegrates the desired serializer and laser drive func- 
tions, in the manner, described, to help reduce 
overall card size. Furthermore, H can be seen with 
reference to the above description that serializer 
430 functions as one of the plurality of electro- 
optical converters located on board the card. Con- 
trol means for performing the conversion (e.g., PLL 
441 ) are located on board the card as well. 

The optical Pnk card contemplated by the In- 
vention also includes on board circuitry for testing 
the card Hself. In particular, FIG. 4 depicts mul- 
tiplexer (MUX) 444 (for convenience shown as part 
of deserializer 428) which can be used to provide 
serialized data from serializer 430, to other de- 
serializer 428 components, in a wrap mode. Ac- 
cording to one embodiment of the invention, wrap 
mode can be user specified via link 411 which is 
shown coupled to MUX 444. A signal to enter wrap 
mode causes the multiplexed data to be processed 
by deserializer 428. 

The top portion of FIG. 4 depicts fiber 496 
providing serial optical signals to photodetector di- 
ode 425. Fiber 406 may be "butt coupled* (held 
Juxtaposed) to the active area of photodetector 
diode 425 to allow the transmitted Bght to be con- 
verted to electrical energy. 

According to a preferred embodiment of the 
invention, the resultant current (from photodetector 
diode 425) is amplified by a transimpedence am- 
plifier, 427, such as the N&5210 amplifier depicted 
in FIG. 4. 

PLL 445. shown included in deserializer 428, 
phase locks a serial receive clock to the data 
amplified by amplifier 427, and sends both the data 
and the clock to shift register 446 where the data is 
deserialized. 

In a preferred embodiment of the invention, as 
depleted in FIG. 4, PLL 445 is shown locked to an 
on card crystal via link 412. The PLL is locked to 
the crystal to approximate the expected input data 
rate. The PLL then "fine tunes" the lock and locks 



nto th receiv data at the actual receive data 
rate. 

Shift register 446 Includes a byte synchroniza- 
tion detector that Is used to recognize a uniqu 

6 receive character so that complete bytes can be 
unloaded from shift register 446 without being frag- 
mented. Shift register446 also includes TTL drivers 
(which actually output the parallel data to a parallel 
data bus via leads 480-489) and means for output- 

w ting a byte synchronization signal to the user via 
link 413. 

FIG. 4 also depicts clock generator 447 which, 
according to a preferred embodiment of the inven- 
tion, is a four phase parallel receive clock. The four 

is phase clock Is useful for deriving non-overlap 
clocks which are typically used (or may be re- 
quired) by the external system. 

Clock generator 447 is shown tied to PLL 445 
via link 414. Additionally, the four phase clock 

20 output from dock generator 447 is shown output on 
links 415-418 of RG. 4. 

Finally, deserializer 428 is shown to include 
transition detector 448. Transition detector 448, to- 
gether with DC detector 426 (not Included in the 

25 deserializer tn the Illustrative embodiment of the 
Invention) detect minimum AC and DC light levels 
entering photodetector diode 425. These redundant 
signals are carried to OFC module 429 via links 
460 and 461 and are used by OFC module 429 as 

30 a safety interlock to shut down the link if both fiber 
paths 495 and 496 are not hooked up. 

The OFC module described in the referenced 
patent application, pulses laser 431 at a low duty 
cycle during the time the fiber link is open. This 

35 produces a safe optical power in the fiber. The 
referenced OFC module will return laser 431 to 
continuous power when the fiber link is reconnec- 
ted. 

OFC module 429 of FIG. 4 Is shown to control 

40 laser 431 via link 409 to DC drive 443. Additionally, 
the preferred OFC module Is shown to accept user 
Inputs for turning the laser off and performing a 
power on reset function, via Inks 463 and 464 
respectively. Unk 465 is shown to provide a signal 

45 to the user when the fiber link Is inactive. Finally, 
(ink 466 Is shown to provide an indication to OFC 
module 429 whenever the user specifies wrap 
mode via link 41 1 . 

Apparatus and techniques for performing the 

so functions of the components shown included in 
deserializer 428, namely PLL 445, shift register 
446. clock generator 447, and transition detector 
448, are well within the purview of those skilled In 
the art The same holds true for laser 431, 

55 photodlode 425, amplifier 427, DC detector 426, 
and MUX 444, which are all commercially available 
devices. Accordingly, these components do not 
require further explanation. 
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What has been described with ref rence to 
FIG. 4 are the components, and how they Interact, 
to form singl full duplex operation. Card 101 of 
FIG. 1, constructed in accordance with a preferred 
embodiment of the invention, duplicates the com- 
ponents depicted in RG. 4 to provide double full 
duplex operation. 

According to the preferred embodiment of the 
invention, serializer 430, deserializer 428 and the 
TTL drivers in shift register 446 (even though part 
of deserializer 428), together with the duplicate set 
of these devices contemplated In FIG. 1, are con- 
nected to power (+5 volts) and ground planes 
within card 101. These planes and how the both 
sides (top and bottom) of card 101 are used in 
accordance with the teachings of the invention, are 
described hereinafter with reference to RG. 5. 

FIG. 5 illustrates that wiring land patterns 501 
and 502 are respectively located on opposite sur- 
faces pop and bottom) of card 101. These patterns 
are used to electrically interconnect the compo- 
nents mounted on each side of the card. 

A side view of card 101, looking through the 
card into the surface labeled "A", shows that a 
card fabricated in accordance with the teachings of 
the invention contains a pluraffly of Internal power 
and ground planes. By way of example these Inter- 
nal planes are depicted as planes 510-513 in FIG. 
5. Planes 510 and 511 represent a ground and 
power plane, respectively, and service one side of 
the card (e.g., the components mounted on surface 
501). Planes 512 and 513 represent another power 
and ground plane respectively, and service the 
other side of the card (e.g.. the components moun- 
ted on surface 502). 

Any combination of planes is possible. What is 
required according to the invention is that a plural- 
ity of internal power and ground planes be pro- 
vided which inherently provide electrical isolation 
between the components mounted to the top and 
bottom surfaces of the card. Also, the components 
that perform the transmit function, and the compo- 
nents that perform the receive function, are to be 
located on opposite sides of the card. 

According to the preferred embodiment of the 
invention, the internal power and ground planes 
that service the side of the card containing at least 
one deserializer, are partitioned so that the TTL 
drivers Included in shift register 446 (and any other 
shift register on this side of the card) are elec- 
trically isolated from the portion of the power and 
ground planes serving the remainder of a given 
deserializer. This Is desirable because of the 
amount of current required for the TTL drivers. 

Additionally, according to the preferred em- 
bodiment of the invention, the power and ground 
planes servicing the transmit function are fabricated 
so as not to cover (l.e., are fabricated to have an 



pening over) the aforementioned partitioned por- 
tion of the power and ground planes serving the 
TTL drivers. The purpose of fabricating the transmit 
function power and ground planes in this fashion is 

5 to keep noise from the TTL power and ground 
planes from coupling to the transmit power and 
ground planes. 

Reference is now made to FIG. 6 which depicts 
a preferred layout for the optical link card con- 

io templated by the invention. The layout shown pro- 
vides double full duplex channels. The preferred 
card could be enlarged to provide further commu- 
nication ports, or be cut in half (along line A-A of 
RG. 6) to provide a single full duplex card. 

is The double full duplex channels depicted in 

RG. 6 includes two identical but electrically iso- 
lated transmit/receive pairs comprised of laser 605 
and photodetector diode 606 (one pair) and laser 
607 and photodetector diode 608 (the other pair), 

20 mounted on a double sided surface mount card. 
There are no electrical connections, surface or in- 
ternal, across the boundary formed by line A-A in 
RG. 6. 

As indicated hereinabove with reference to RG. 

25 5, the card has top and bottom signal planes and 
four internal power planes (not shown in RG. 6) 
which may be used advantageously to isolate the 
transmitters from the receivers. For the sake of 
illustration, the top of the card depicted In FIG. 6 Is 

so labeled 601, while the bottom of the card is labeled 
602. 

To accommodate the 10 bit parallel buses ser- 
viced by the illustrative embodiment of the inven- 
tion, two 48 pin connectors (connectors 102 and 

35 103 in FIG. 1) with 100 mil pin centers are moun- 
ted on the top side of the card such that the pins 
protrude through the raw card to the bottom side 
where they would mate to the user's system card. 
This allows for minimal card to card spacing and a 

40 total card height that meets low profile require- 
ments. The pin side of the connectors are illus- 
trated In the layout depicted In FIG. 6 as connec- 
tors 650 and 651. 

Four optical connectors. 609-612, are shown 

46 mounted Juxtaposed to the lasers and photodetec- 
tors at the edge of the card. Connectors 609-612 
easily protrude out into customer available access 
areas when the card is typically mounted onto a 
system card. 

so FIG. 6 also depicts the position of deserializer 
680 and amplifier 681 (associated with photodetec- 
tor diode 606) and deserializer 682 and amplifier 
683 (associated with photodetector diode 608) as 
they are preferably mounted on the bottom surface, 

66 602, of the card. 

Serializer 630 and open fiber control module 
631 (associated with laser 605), together with 
serializer 632 and open fiber control module 633 
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(associated with laser 607) are shown in the posi- 
tions in which th y are pref rably mounted to the 
top side, 601 , of the card. 

The dimensions shown on FIG. 6 are for the 
purpose of illustration only, but indicate a suitable 
card size and suitable optical spacing to yield the 
desired, compact double duplex communication 
module. The method for mounting the connector 
pins referred to hereinabove allows for 7 mm card 
to card spacing and a total card height of approxi- 
mately 12 mm using the card depicted in FIG. 6. 

What has been described are methods, ap- 
paratus and manufacturing techniques which meets 
all of the objectives set forth hereinbefore. Those 
skilled in the art will recognize that the foregoing 
description has been presented for the purposes of 
Illustration and description only. It is not intended 
to be exhaustive or to limit the invention to the 
precise form disclosed, and obviously many modi- 
fications and variations are possible in tight of the 
above teaching. 

For example, components shown to be includ- 
ed in the deserializer, like MUX 444, could be 
located elsewhere, versions of the desired card 
could be produced without an electrical wrap capa- 
bility or the on board safety features incorporated 
in preferred embodiments of the Invention, etc 

The embodiments and examples set forth here- 
in were presented in order to best explain the 
principles of the instant invention and Its practical 
application to thereby enable others skilled In the 
art to best utilize the instant invention in various 
embodiments and with various modifications as are 
suited to the particular use contemplated. 

Claims 

1. An optical fiber link card, having both electrical 
and optical components mounted thereon, for 
converting between parallel electrical signals 
and serial optical signals, wherein said optical 
signals are transmitted and received by the 
card over at least one full duplex optical com- 
munication link, characterized in that ft com- 
prises : 

(a) means for inputting parallel electrical 
signals to said card for conversion to serial 
optical signals; 

(b) Integrated sertalizer/optical transmitter 
driver means, coupled to said means for 
inputting parallel electrical signals, for con- 
verting Input parallel electrical signals to 
serial electrical signals and driving optical 
transmitter means in response to said serial 
electrical signals; and 

(c) optical transmitter means, coupled to 
said Integrated seriafizer/optical transmitter 
driver means, for transmitting serial optical 



signals corresponding to said input parallel 
electrical signals, over said at least one full 
duplex optical communication link. 

s 2. Apparatus as set forth in claim 1 wherein said 
optical transmitter means comprises at least 
one laser. 

3. Apparatus as set forth in claim 1 or 2 wherein 
10 said optical transmitter means is axial leaded, 

with the leads being attached to the surface of 
said card to minimize lead capacitance and 
inductance from said optical transmitter means 
to the electronic components mounted on said 
is card. 

4. Apparatus as set forth in claim 1, 2 or 3 
wherein said Integrated serializer/optical trans- 
mitter driver means further comprises: 

20 (a) first phase locked loop means, locked to 

frequency of the parallel electrical signal 
Input, for generating a serial transmit rate 
clock signals; 

(b) first shift register means, coupled to said 
25 means for Inputting parallel electrical signals 

and said first phase locked loop means, for 
converting Input para! lei electrical signals 
to serial electrical signals and outputting 
said serial electrical signals at said serial 
30 transmit rate; 

(c) AC drive means, coupled to said first 
shift register means, for modulating said 
optical transmitter means in response to 
said serial electrical signals; and 

35 (d) DC drive means, coupled to said optical 

transmitter means, for controlling the power 
level of said opti cal transmitter means. 

5. Apparatus as set forth in claim 4 wherein said 
40 DC drive means Includes safety circuits which 

are capable of turning off power to said optical 
transmitter means in the event of an on card 
fault 

45 6. Apparatus according to anyone of the preced- 
ing claims wherein said card further comprises: 

(a) optical receiver means, for detecting 
serial optical signals input from said at least 
one full duplex optical communication link 

so and for generating serial electrical signals In 

response thereto; 

(b) amplifier means, coupled to said optical 
receiver means, for amplifying the serial 
electrical signals generated by said optical 

55 receiver means; 

(c) deserializer means, coupled to said am- 
plifier means, for converting the serial elec- 
trical signals ampii fled by said amplhl r 
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means to corresponding paral lei lectrical 
signals; and 

(d) means for outputting said corresponding 
parallel electrical signals. 

7. Apparatus as set forth in claim 6 wherein said 
optical receiver means comprises at least one 
photodectector diode, and said amplifier 
means further comprises at least one transim- 
pedence amplifier. 

8. Apparatus as set forth in claim 6 or 7 wherein 
said optical receiver means Is axial leaded, 
with the leads being attached to the surface of 
said card to minimize lead capacitance and 
inductance from said optical receiver means to 
the electronic components mounted on said 
card. 

9. Apparatus as set forth in claim 6, 7 or 8 
wherein said deserializer means further com- 
prises: 

(a) means for generating serial transmit rate 
clock signals; 

(b) second phase locked loop means, coup- 
led to said amplifier means and said means 
for generating serial transmit rats clock sig- 
nals, for lockingsald clock signals to data 
carried by said amplified serial electrical 
signal, and forserially outputting said data 
and clock signals; and 

(c) converter means, coupled to said sec- 
ond phase locked loop means, for convert- 
ing said amplified serial electrical signals to 
said corresponding parallel electrical sig- 
nals, in response to the data and clock 
signals output by said second phase locked 
loop means. 

10. Apparatus as set forth in claim 9 wherein said 
deserializer means further comprises clock 
generator means for generating and outputting 
a multiphase parallel rate transmit clock, and 
said converter means further comprises sec- 
ond shift register means, including TTL driver 
means, said second shift register means fur- 
ther comprising byte synchronization detector 
means which enable complete bytes to be 
unloaded from said second shift register 
means without fragmentation, and said second 
shift register means generating and outputs 
byte synchronization signals. 

11. Apparatus as set forth In anyone of claims 6 to 
10 wherein said card further comprises safety 
means operative to ensure safe optical power 
levels in said at least one full duplex optical 
communication link in the event a given link is 



op n, and wherein said safety means is further 
operative, wh n v r said optical transmitter 
m ans comprises at least one laser, to pulse 
said at least one laser at a low duty cycle 
5 when said given link is open and return said at 

least one laser to continuous power if said 
given link is reconnected. 

12. Apparatus as set forth in claim 11 wherein said 
10 card further comprises transition detector 

means and DC detector means, coupled re- 
spectively to said amplifier means and said 
optical receiver means, for respectively detect- 
ing minimum AC and DC light levels entering 

15 said optical receiver means, wherein said safe- 

ty means is coupled to said transition detector 
means and said DC detector means and op- 
erates In response to a failure by either of said 
detector means to detect said minimum AC 

20 and DC light levels, and wherein said safety 

means is also operative in response to off card 
generated safety means control stg nals, and 
further operative to output a signal indicative of 
at least one Inactive link. 

25 

13. Apparatus as set forth In anyone of claims 9 to 
12 wherein said card further comprises mul- 
tiplexer means coupling the output of said in- 
tegrated serializer/optical transmitter driver 

30 means, to said deserializer means, for operat- 

ing the card in a diagnostic wrap mode. 

14. Apparatus as set forth in claim 10, 11, 12 or 13 
wherein said card further comprises: 

35 (a) a first signal plane, located on a first 

surface of the card; 

(b) a second signal plane, located on a 
second surface of the card; and 

(c) a plurality of Internal power and ground 
40 planes, which are connected to and elec- 
trically isolate said first signal plane from 
said second signal plane. 

16. Apparatus as set forth in claim 14 wherein said 
46 means for inputting parallel electrical signals 

and said integrated serializer/optical transmitter 
driver means are all surface mounted to said 
first signal plane, and further wherein said am- 
plifier means, said deserializer means and said 
so means for outputting said corresponding par- 

allel electrical signals are ail surface mounted 
to said second signal plane, whereby the card 
inherently provides electrical isolation between 
the components attached to said first and sec- 
55 ond signal planes, wherein a first one of said 

plurality of power and ground planes Is con- 
nected to said first signal plane and a second 
one of said plurality of power and ground 
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planes is connect d to said s cond signal 
plane, wh r in said second one of said plural- 
ity of pow r and ground planes Is partitioned to 
lectrically isolate said TTL driver means from 
the other components attached to said second 
signal plane, wherein said first one of said 
plurality of power and ground planes is fab- 
ricated to include an aperture over the portion 
of said second one of said plurality of power 
and ground planes which service said TTL 
driver means, so as to prevent noise from 
coupling from the second to the first of said 
plurality of power and ground planes, and 
wherein said card includes at least two iden- 
tical, but electrically Isolated, optical transmit- 
ter means/optical receiver means pairs, to pro- 
vide at least a double full duplex communica- 
tion capability. 

16. An optical fiber link card, having both electrical 
and optical components mounted thereon, for 
converting between parallel electrical signals 
and serial optical signals, wherein said optical 
signals are transmitted and received by the 
card over at least one full duplex optical com- 
munication link, comprising: 

(a) means for inputting parallel electrical 
signals to said card for conversion to serial 
optical signals; 

(b) at least one converter means, coupled to 
said means for inputting parallel electrical 
signals, for con verting input parallel elec- 
trical signals to serial electrical signals; 

(c) transmitter driver means, couples to said 
first converter means, for driving optical 
transmitter means In response to said serial 
electrical signals; and 

(d) optical transmitter means coupled, to 
said transmit tor driver means, for transmit- 
ting serial optical signals corresponding to 
said input parallel electri cal signals, over 
said at least one full duplex optical commu- 
nication link, wherein said optical transmitter 
means is axial leaded, with the leads being 
attached to the surface of said card to mini 
mize lead capacitance and inductance from 
said opti cal transmitter means to the elec- 
tronic components mounted on said card; 

(e) optical receiver means, for detecting 
serial optical signals input from said at least 
one fiill duplex optical communication link 
and for generating serial electrical signals in 
response thereto, wherein said optical- 
receiver means is axial leaded, with the 
leads being attached to the surface of said 
card to mini mize lead capacitance and 
inductance from said opti cal receiver 
means to the electronic components moun- 



ted on said card; 

(f) amplifier m ans, coupled to said optical 
receiver means, for amplifying the s rial 
el ctrical signals gen rated by said optical 

s receiver means; 

(g) deserializer means, coupled to said am- 
plifier means, for converting the serial elec- 
trical signals ampli tied by said amplifier 
means to corresponding paral lei electrical 

10 signals; and 

(h) means for outputting said corresponding 
parallel electrical signals. 

17. A single multilayer double sided surface mount 
is optical fiber link card, having a plurality of 

converter means and a plurality of optical com- 
ponents mounted thereon, for converting be- 
tween parallel electrical signals and serial op- 
tical signals, wherein said serial optical signals 
20 are transmitted and received by optical trans- 

mitter means and optical receiver means re- 
spectively over at least one full duplex optical 
communication link, comprising: 

(a) means for inputting parallel electrical 
25 signals to at least first converter means of 

said plurality of converter means; 

(b) at least first converter means of said 
plurality of converter means, including 
serializer means integrat ed with optical 

30 transmitter driver means, coupled to said 

means for inputting parallel electrical sig- 
nals, for converting Input parallel electrical 
signals to serial electrical signals and driv- 
ing said optical transmitter means in re- 
ds sponse to said serial electri cal signals; 

(c) amplifier means, coupled to said optical 
receiver means, for amplifying serial elec- 
trical signals generated by said optical re- 
ceiver means In response to serial optical 

40 signals on said link; 

(d) at least second converter means of said 
plurality of said converter means. Including 
deserializer means, coupled to said ampli- 
fier means, for converting the serial elec- 

46 trical signals amplified by said amplifier 

means to corresponding parallel electrical 
signals; 
and 

(e) means for outputting said corresponding 
60 parallel electrical signals. 

18. Apparatus as set forth in claim 17 wherein said 
means for Inputting and said at least first con- 
verter means are mounted, via connection to a 

65 first signal plane, on a first side of said double 

sided card; wherein said amplrfiermeans, said 
means for outputting and said at least second 
converter means are mounted, via connection 
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to a s cond signal plane, on a second side of 
said d uble sided card; and further wherein th 
card inherently provides electrical signal isola- 
tion between said first and second signal 
planes, and wherein said card further com- 
prises, a plurality of internal power and ground 
planes which are connected to and electrically 
isolate said first signal plane from said second 
plane, wherein at least one of said plurality of 
power and ground planes is partitioned to elec- 
trically Isolate selected components attached 
thereto, and further wherein at least one other 
of said plurality of power and ground planes is 
fabricated to include an aperture over the par- 
titioned portion of the power and ground 
planes servicing said selected components. 

19. A process for manufacturing an optical com- 
munication module, including a single multi- 
layer double surface mount optical fiber link 
card having a plurality of converters mounted 
thereon, for converting between parallel elec- 
trical signals and serial optical signals, wherein 
said optical signals are transmitted and re- 
ceived by the module over at least one full 
duplex optical communication link, comprising 
the steps of: 

(a) fabricating first optical assembly means, 
electrical ly coupled to at least one of said 
plurality of converters, including at least one 
axial leaded optical transmitter that is opti- 
cally coupled to said communication link; 
and 

(b) fabricating retainer means, for holding 
said first optical assembly in proximity to an 
edge of said card so as to align said at least 
one optical transmitter to said edge and 
facilitate attaching the leads of said at least 
one optical transmitter to the surface of said 
card. 

20. A process as set forth In claim 19 further 
comprising the step of fabricating second op- 
tical assembly means, including at least one 
axial leaded optical receiver for detecting serial 
optical signals input from said at least one full 
duplex optical communication link and for gen- 
erating serial electrical signals in response 
thereto, wherein said retainer means fabricated 
in step (b) is also operative to hold said sec- 
ond assembly in proximity to an edge of said 
card so as to align said at least one optical 
receiver to said edge and facilitate attaching 
the leads of said at least one optical receiver 
to the surface of said card, the step of attach- 
ing the leads of said at least one optical trans- 
mitter and the leads of said at least one optical 
receiver, to the surface of said card, and 



wherein said step of fabricating retainer m ans 
further comprises the step of snapping togeth- 
er a two piece retainer/holder assembly that 
when snapped together, provides a slotted cra- 
5 die for holding said first and second optical 

assembly means, and wherein said step of 
fabricating retainer means further comprises 
the step of molding said retainer/holder assem- 
bly from plastic. 

10 

21. A process as set forth in claim 20 wherein said 
step of molding said retainer/holder assembly 
yields insert pins and rails to mechanically 
hold said first and second optical assemblies 
is to said card, flexible M J" clip and stand off 

means which facilitate creating multicard as- 
semblies, and means for thermally isolating 
said plurality of converters from said at least 
one optical transmitter. 

20 
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© Optical fiber link card. 



© An optical fiber link card communication module, 
and process for fabricating the module, where the 
module provides a parallel electrical interface to the 
CO user, facilitates high speed serial transmission of 
^ data over an optical data link, and contains a plural- 
«— Hty of converters (130,131) for performing conver- 
CO sions between both electrical and optical signals. 

The module further includes edge mounted optical 
f% components having toads mounted on the surface of 
CO a card (as opposed to standard pin-in-hole type 
leads) to minimize lead capacitance and inductance 
O from the optical components to the card electronics, 
n on board card control means for the converters and 
m safety shut down means on the same card as th 



electrical and optical components. A preferred em- 
bodiment of the invention contemplates fabricating 
the optical communication module on a single mul- 
tilayer card with all the transmitter electrical compo- 
nents being located on one side of the card, all 
receiver electrical components being located on the 
other side of the card, and the transmitter and re- 
ceiver components being separated by shielding lay- 
ers in the card. By using two transmitter/receiver 
pairs (with the transmitters and receivers being lo- 
cated on respective sides of the card) an embodi- 
ment of the invention provides for double full duplex 
communications. 



Rank Xerox (UK) Business Servtces 



EP 0 437 161 A3 




\ 



2 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citatiaaef 



mt refer— t pa— ago 



A»fB«etSaa NomMr 

EP 90 48 0198 
Page 1 



CLASSIFICATION OF THE 
APPLICATION <UC CX5 ) 



OPTICAL FIBRE COMMUNICATION CONFERENCE 1989 

TECHNICAL DIGEST SERIES 

vol. 5, February 1989, HOUSTON. US 

pages 83 * 84; 

CROW: •Optoelectronic Integrated circuits for 
high speed computer networks* 

* page 83, left colun, line 21 - line 27 - 

* page 83, left col mm, line 40 - Una 42 * 

* page 83, right column, line 3 - line 15; 
figures 1.2 * 



1.2.6 



H04B10/00 

G02B6/42 

H04B10/14 



3.4. 

7-10. 
14-18 
5,11-13. 
19-21 



EP-A-0 247 988 (ADC TELECOMi UNI CATIONS) 



colum 6, 
column 6, 
column 7, 
column 7, 
column 8, 
column 8. 



line 15 
line 36 
line 6 - 
line 49 



- Una 25 * 

- line 42 * 
line 33 * 

- Hne 52 * 



line 21 - line 24 ' 
line 53 - line 60; 



TECHNICAL FIELDS 
SEARCHED OoLCLS) 



figures 29.42-51 



-/— 



2-21 



K04B 

G02B 
H0SK 



fee iiwiuC eeerca iveaft ha* seta arm we ap Hr all 



THE HAGUE 



26 HAY 1992 



WILLIAMS Michael 



CATEGORY OF CITED DOCUMENTS 

X : MrtcultitT nUvmst If takm iloat 

YiHrtcuUrtyntormXtf < ^ 

iKMMMir ttMl 
AM 
On 

r : 




T t tt*oqr m »ca>d»U aalahiag 
C j eufler ftmt «Mnet, bet ■ 
eftvtWnuaccete 



L: tti.— *df«*otc 



* tmeaaeref Omc 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



DOCUMENTS CONSIDERED TO BE RELEVANT 



EP 90 48 0198 
Page 2 



Category 



Citation of aocumeat with taticatMn, wberc appropriate, 
of relevant pa 



CLASSIFICATION OF THE 
APPLICATION (lot. CL5 ) 



PROCEEDINGS OF THE 36TH ELECTRONIC COMPONENTS 
CONFERENCE 

May 1986. SEATTLE. US 
pages 280 - 284; 

YDKOYVWk ET AL: 'High-density optical digital 
datallnk with double-sided packaging* 

* page 280. left colum, Una 37 - Una 44 * 

* paga 280, right column. Una 32 - Una 34 * 

* page 281, left column, line 3 - line 6 * 

* page 281, right colum, Una 4 - Una 6 * 

* paga 281, right column. Una 31 - Una S3; 
figures 2.4 * 



ELEKTRONIK. 

vol. 35, no* 26, 23 December 1986. MONCHEN DE 
pages 81 - 88; 

HASE: ' Rechner internes optlsches Bus system nit 
Llchtlelterplatte 1 

* page 83. right colum. Una 32 - Una 34 * 

* page 84. left column, line 4 - Una 8; figures 
2,5,6 * 

ELECTRONICS LETTERS. 

vol. 16. no. 1. 3 January 1980. HITCHIN G8 
pages 7-8; 

CHEN: 'Simultaneous feedback control of bias and 
modulation currents for Injection lasers' 

* page 7. left colum, line 1 - line 7 * 

EP-A-0 314 651 (IBM) 

* abstract * 

* colum 3, line 38 - Una 41 * 

- colum 3, Une 57 - column 4, line 4; figure 1 



report has been drawn «p for aO I 



3,7,8, 
14-18 



l.*.«-6. 

9-13, 

19-21 

4,9.10 



TECHNICAL FIELDS 
SEARCHED Ost-CLff) 



1-21 



flanaf * 

THE HAGUE 



pant i nimnofttti 
26 MAY 1992 



WILLIAMS Michael 



CATEGORY OF CITED DOCUMENTS 




T i taOBiy or prtadalo oattrfrtog tao favoaftoa 
E : ovilor pstoit oocajaaat, oat aBJVbnai oa» or 

attvUMffliac*** 
D s oocaaiait oftoi la tao aaaUcattoa 



L: 



r of tk4 mm patent frmlfr, eacrttyoaifcn 



J 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation tf document wick mdkatitB. wbcre appropriate, 
*f rdewt pa 



Retovast 

u 1 



EP 90 48 0198 
Page 3 



CLASSIFICATION OF THE 
APPLICATION «Ut. CLS > 



PATENT ABSTRACTS OF JAPAN 
vol. 10, no. 263 (E-435)(2319) 9 September 
4 JP-A-61 088 624 ( FUJITSU ) 6 Nay 1986 
* abstract * 



1986 



CONFERENCE ON OPTICAL FIBER COMMUNICATION 
12 February 198S, SAN 0IEGO US 
pages 38 - 40; 

EWEN ET AJL: 'Single-chip l00Mb1t/sec fiber-optic 
receiver/phase lock loop circuit' 

* page 38, left coluam, line 6 - line 10 * 

* page 38, left cqImm, line 16 - line 23 * 

* pag« 38, left column, line 32 - line 36; 
figure 1 * 



1.14.15. 
17,18 



1.6.7.9, 
10 



TECHNICAL FIELDS 
SEARCHED dot CL5) 



Tbc 



report ham fecca arawn ep for eU dalaw 



THE HAGUE 



DaN of m 

26 NAY 1992 



WILLIAMS Michael 



CATEGORY OF CITED DOCUMENTS 

X : pvtkxUriy rrievut K txkan «1mm 
Y:ptrttcuUftyrd«*atlf f " 



: ptrttcuUfty 
feanast of tf» 



T ; ttaory or pitedplo matetotag ceo 
E : owtior pcNot coaiMt, lot 

rftorteofiUaetito 
D t toorawot dtol ta tfae appHeatka 



O : mlUoa tlsda 
F:l 



A : — iW of tao sma< ptUet ftaUfr. w ro ipwUfri 



